INTRODUCTION
Food insecurity, defined as "limited or uncertain availability of nutritionally adequate safe foods or the inability to acquire personally acceptable foods in socially acceptable ways," has been on the rise in the U.S. since the early 1990s. 1 In 2008, approximately 45 million people (15% of the population) lived in households experiencing food insecurity, compared to only 7% in 1992. 1 Food insecurity is more common among low income individuals, women, and racial and ethnic minorities, and is associated with disparities in health care access and health outcomes in marginalized populations. [2] [3] [4] [5] [6] [7] [8] Given these demographics, HIV-infected individuals are at a significantly increased risk for food insecurity compared to the general population. 9, 10 Food insecurity is recognized as a key contributor to the HIV pandemic worldwide and an important cause of worse health outcomes among HIV-infected individuals. 11 International studies suggest that food insecurity is associated with decreased access to antiretroviral treatment and care, incomplete virologic suppression, and decreased survival. 2, [11] [12] [13] Several small studies in the U.S. have found that food insecurity is associated with worse virological response and poor health outcomes, including HIV wasting. A study of 104 HIVinfected homeless and marginally housed individuals found that 50% of participants were food insecure and that food insecurity independently increased the risk of unsuppressed viral load. 14 Another cross-sectional study of 119 HIVinfected drug users in Miami found that HIV-related wasting was highly prevalent and that food insecurity was an independent predictor of wasting. 15 Researchers have hypothesized that both behavioral and biological mechanisms may mediate the association between food insecurity and HIV disease outcomes. Limited access to food is associated with worse antiretroviral therapy (ART) adherence. 14, 16, 17 In addition, HIVinfected patients' nutritional status or body mass, which has been associated with worse immunologic and virologic response among HIV-infected individuals, 18, 19 is associated with limited access to food. To our knowledge, no large or multisite study has been conducted in the U.S. examining the association between food insecurity and HIV outcomes, or examining ART adherence and body mass index (BMI) as plausible mediators of the observed associations. To address these gaps, we used data from the multicenter Veterans Aging Cohort Study (VACS) to examine the association between food insecurity and low CD4 count and unsuppressed HIV-1 RNA in HIVinfected individuals and to determine whether ART adherence or BMI mediates these associations.
METHODS

Sample and Setting
We analyzed baseline data on 2353 HIV-infected participants receiving ART enrolled in VACS. The VACS is an observational cohort of HIV-infected patients that began in 2002 and was designed to examine the role of comorbid medical and psychiatric disease in determining clinical outcomes in HIV infection. A full description of the study and measures collected are described elsewhere. 20 
MEASUREMENTS Food Insecurity
To capture the broadest domain of food insecurity, uncertainty about food access, VACS incorporated the first question of the 18-item Household Food Insecurity Access Scale (HFIAS) in the baseline patient survey: "In the past 4 weeks, have you been concerned about having enough food for you or your family?" HFIAS is a previously validated scale designed to assess household food insecurity in multiple international settings. 21 Participants who answered "yes" were categorized as being food insecure.
HIV Clinical Outcomes
For each participant, the CD4 cell count and HIV-1 RNA level closest to enrollment date in VACS were used and taken from VHA laboratory data. Poor HIV outcomes were defined by CD4 counts <200 cells/μL or unsuppresed HIV-1 RNA, as indicated by a HIV-1 RNA >500 copies/mL. Because many of the VACS sites used multiple types of viral load test between 2002-2008, we chose the cut off of the least sensitive type of test run, which was 500 copies/mL.
Confounders
Covariates for the study included age (continuous), gender (male/female), race/ethnicity (white/black/Latino/other), income (<$25,000/year vs. ≥$25,000/year), education (<high school graduation, high school graduation to some college, or college graduate and beyond), married or long-term partner, employment status, recent homelessness, and site of enrollment. Current alcohol consumption was also assessed using the 3-item Alcohol Use Disorders Identification Test (AUDIT-C). [22] [23] [24] Persons were classified as having hazardous alcohol use if they drank in the past year and their total score was four or greater. If participants reported that they drank six or more drinks in one sitting at least once a month, they were classified as engaging in binge drinking. Self-report of opiate, marijuana, cocaine, or stimulant use, defined according to whether a participant reported using more than 1-3 times/month in the past year, was considered as having recent drug use. Finally, we used the Patient Health Questionnaire-9 (PHQ-9) to assess active depressive symptoms. 25 The PHQ-9 is a modified version of the Primary Care Evaluation of Mental Disorders that specifically addresses major depressive disorder. A cutoff score of 10 or more has a sensitivity of 88% and a specificity of 88% for clinicians' diagnosis of depression.
Potential Mediators
To measure ART adherence, we used the algorithm of Steiner and colleagues to estimate the proportion of medication doses consumed as directed based upon pharmacy refill data from the Veterans Affairs national Pharmacy Managements Benefits Services database. [26] [27] [28] This algorithm keeps a running tally of whether a patient would have run out of medications at any particular time based on the dates and number of medication doses given with previous refills and determines what proportion of time the patient should have medications available (i.e., has not run out of medications). We averaged adherence to all ART medications to yield a summary adherence measure and performed our analysis over the first year of therapy from the time of VACS enrollment. The Steiner algorithm has previously been validated by demonstrating that its estimates were highly correlated with drug plasma levels. 28 Body mass index was calculated as the ratio of weight (kg) over height (m) squared. Weight and height were recorded as part of routine clinical care and captured through the electronic medical record.
Analyses
HIV-infected participants with and without food insecurity were first compared for baseline sociodemographic characteristics, HIV clinical outcomes, and potential explanatory risk factors of disease using Mann-Whitney and chi-squared tests as appropriate. We next examined the independent association between food insecurity and poor HIV outcomes, namely CD4 count <200 cells/μL and HIV-1 RNA >500 copies/mL, using multivariable logistic regression by adjusting for all other covariates associated with poor HIV outcomes with p<0.2 in unadjusted analyses. P-values <0.05 were considered statistically significant. To determine the role of ART adherence and BMI in influencing the relationship between food insecurity and poor HIV outcomes, adherence and BMI were controlled for in logistic regression analyses and were examined as possible mediators using Baron and Kenny mediation analysis. 29 This is a three-step process to determine whether (1) food insecurity is associated with poor HIVoutcomes, (2) food insecurity is associated with the potential mediators, namely ART adherence and BMI, and (3) the association between food insecurity and poor HIV outcomes is attenuated, after adjustment for the potential mediators. 29 Additionally, we used a score test of trend to assess whether there was a dose-dependent association between food insecurity and ART adherence and body mass index.
RESULTS
Among 2353 HIV-infected Veterans receiving ART, 24% reported food insecurity (Table 1) . With respect to food security status, participants who were food insecure were more likely to be of a racial and ethnic minority group, low income, unemployed, recently homeless, and consume excessive alcohol or use illicit drugs. Food insecure participants also had poorer ART adherence ( Fig. 1) , p=0.02. The proportion of patients with food insecurity ranged from 21% in those who were out of their medications less than 20% of the time to 38% in patients who were out of their medications more than 80% of the time in the year prior to enrollment (test for trend, p=0.001). Veterans with food insecurity were also more likely to have a lower median BMI compared to food secure Veterans (Table 1) . However, when we categorized BMI in clinically relevant categories (BMI<18.5, 18.5≤25, 25≤30, >30), we found that the association between food insecurity and these categories of weight (under-, normo-, and overweight and obese) is not statistically significant, nor is there a linear trend of association (Fig. 2) . Compared to food secure participants, those with food insecurity were also more likely to have worse health outcomes-a CD4 count <200 cells/μL (unadjusted OR 1.45 (95% CI 1.14, 1.86), Table 2 ) and an unsuppressed HIV-1 RNA level (unadjusted OR 1.49 (95% CI 1.17, 1.81)), Table 3 ). After adjustment for covariates associated with poor HIV clinical outcomes, including age, race/ethnicity, recent drug use, lower income, homelessness, depression, and site of recruitment, food insecurity was no longer associated with low CD4 count (adjusted OR 1.13 (95% CI 0.86, 1.47)). Multivariable adjustment did not significantly alter the association between food insecurity and unsuppressed HIV-1 RNA levels (adjusted OR 1.37 (1.09, 1.73). After adjusting for ART adherence and BMI separately, the association between food insecurity and unsuppressed HIV-1 RNA remained statistically significant, indicating that neither ART adherence nor BMI appears to play a mediating role in the association between food insecurity and unsuppressed HIV-1 RNA levels. Variance inflation factors (VIFs) were assessed for each multivariate model. All VIFs were below 2, indicating that multicollinearity was not an issue in these models.
DISCUSSION
In a large multisite study, we found that 24% of HIV-infected Veterans were food insecure and that food insecurity independently increased the likelihood of incomplete HIV viral suppression. While the prevalence of food insecurity in this study is lower than other estimates in HIV-infected populations in the U.S., 9,30 this study was conducted among patients who have accessed care through the Veterans Health Administration and are ostensibly less disenfranchised than previously studied homeless or drug using populations. Nonetheless, a quarter of participants in this study reported food insecurity, suggesting that food insecurity is more common among HIVinfected individuals in the U.S. compared to the general population.
1 Similar to previous single site studies, we also found that food insecurity was associated with a 1.3 greater odds of lack of viral suppression when we controlled for other covariates, including measures of socioeconomic status, homelessness, and drug and alcohol use. While there is growing concern that food insecurity may compromise treatment effectiveness in ART treatment programs in developing countries, 31-33 our findings suggest that food insecurity may be compromising treatment efficacy in well-resourced settings as well. Food insecurity was associated with ART non-adherence in a linear fashion. The finding that food insecurity is associated with lower levels of adherence is especially important given that lower ranges of adherence are more likely to be associated with incomplete viral suppression with currently available regimens. 34 However, our data, like that of others, suggest that the association between food insecurity and viral suppression is not explained by a difference in adherence, in this case, an average yearly adherence. 14 Veterans in this study received 98% of their medications from a VA pharmacy, making our use of administrative pharmacy data one of the best available adherence measurement strategies; however, these data may not capture patterns of adherence including treatment interruptions, that may be associated with viral rebound. 34 Food insecurity was also associated with lower body mass index. However, when BMI was truncated into clinically meaningful categories, the association was marginally statistically significant. HIV-infected Veterans who were food insecure were more likely to be normo-weight or obese. Like others, our study found that obese individuals report anxiety about obtaining sufficient and high quality food. 7, 35 This finding deserves further exploration to better understand how to improve health outcomes among obese HIV-infected patients. Another plausible biologic mechanism for the relationship between food insecurity and viral suppression is that food may impact the pharmacokinetics of antiretroviral medications. Several protease inhibitors including atazanavir, lopinavir, nelfinavir and ritonavir require food for maximal absorption, and the absence of timely access to food may negatively affect the absorption of these drugs.
14 Since we did not assess the use of specific ART regimens, we cannot infer the effect of particular regimens on the association between food insecurity and viral suppression. Another possible mechanism is psychological distress which has been demonstrated in past studies to be associated with food insecurity and to impact HIV treatment outcome. 36 Further research needs to be conducted to explore the mechanisms of the association between food insecurity and unsuppressed HIV-1 RNA in order to tailor interventions to improve the health outcomes for food insecure HIV-patients. Finally, while several studies have demonstrated positive associations between food security and immunological status, we did not find such an association. One possible explanation for this discrepancy is that previous studies have reported that food insecure individuals had significantly lower CD4 counts prior to initiation of antiretroviral therapy, 9 whereas our study examined the association among individuals already prescribed There are several important limitations to this study. No conclusions about cause and effect can be made from this study due to its cross-sectional design. One possible explanation of our findings is that individuals with more advanced disease and poor functional health status are less able to obtain food. Additionally, our measurement for food insecurity was a single item taken from the HFIAS survey and thus captured only one of the domains of food insecurity-anxiety and uncertainty about food supply. We, therefore, were lacking accurate information about other components of food insecurity, including insufficient food intake or quality of food, as well as the duration, frequency, or extent of food insecurity. This information would be useful for understanding the effect of various domains of food insecurity on HIV disease outcomes. We did not adjust for previous time on ART, which may confound the observed associations. Finally, because we measured average adherence rather than patterns of adherence such as treatment interruptions, we were unable to determine whether adherence was on the causal pathway between food insecurity and HIV-1 RNA suppression.
CONCLUSION
In a large, multisite study, food insecurity was independently associated with unsuppressed HIV-1 RNA level in HIV-infected Veterans, and neither ART adherence nor body mass index mediated the observed association. Longitudinal studies with detailed measures food insecurity and patterns of adherence are needed to better understand the relationships between food insecurity, antiretroviral adherence, and HIV RNA suppression and to inform specific interventions.
